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e PREFACE
This work is related to the following previous efforts:

USAAMRDL Task 1F162203A43501 (Contract DAAJO2-T70-C~0021)

USAAMRDL, House Task ASTO-1ll
USAAMRDL Task 1F162203AA33 (Contract DAAJO2-T1-C-0016)
USAAMRDL Task 1F163209DB3303 (Contract DAAJ02-T2-C-0008)

. Reference to the reports generated by the above tasks is made in the text
of this report.
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INTRODUCTION

PROGRAM OBJECTIVE

The purpose of this task was to check by flight test measurements the re-

sults from a previous simulator study of the forces produced in slings and
associated hard poilnts during the carriage of slung loads on helicopters,

thereby establishing a confidence level for the strength criteria derived

from the simulator study.

BACKGROUND

This work may be regarded as the fifth in a <eries of investigations re-
sulting from a conference sponsored by the U.S. Army in 1968 to explore
phenomena associated with the carriage of externally suspended loads on
helicopters, and to establish more reliable strength requirement data for
the load slings and for their interfaces at the helicopter and at the load.
The previous investigations were "Criteria for Externally Suspended Heli-
copter Loads,"t "Effect of Helicopter External Loads on Sling Properties,"?
"Design Guide for Load Suspension Points, Slings and Aircraft Hard Points,"3
and "Development of Cargo Slings With Nondestructive Checkout Systems."h
The first three were part of a program undertaken by the Eustis Director-
ate as an immediate consequence of the meeting. This fifth investigation
constitutes an experimental sequel to the first, which was the simulator
study. A brief description of the latter is therefore presented in the
next section.

1. Briczinski, S.J.,and Karas, G.R., CRITERIA FOR EXTERNALLY SUSPENDED
HELICOPTER LOADS, Sikorsky Aircraft, Division cof United Aircraft
Corporation; USAAMRDL Technical Report T1-61, Fustis Directorate, U.S.
Army Air Mobility Research and Development Laboratory, Fort Eustis,
Virginia, November 1971, AD TLOOTT2.

Gustafson, Arthur J.,Jr., Bryan, Max E., McIlwean, Edgar H.and Birocco,
Eugene A., EFFECTS OF HELICOPTER EXTERNAL LOADS ON SLING PROPERTIES;
USAAMRDL Technical Report 73-91, Eustis Directorate, U.S. Army Air
Mobility Research and Development Laboratory, Fort Eustis, Virginia,
September 1973, AD 77L267.

no

3. Huebner, Walter E., DESIGN GUIDE FOR LOAD SUSPENSION POINTS, SLINGS,
AND AIRCRAFT HARD POINTS, Sikorsky Aircraft, Division of United Aircraft
Corporation; USAAMRDL Technical Report T72--36, Eustis Directorate, U.S.
Army Air Mobility Research and Development Laboratory, Fort Eustis,
Virginia, July 1972, AD TL781kL.

4. Hone, Horace T., Huebner, Walter E.,and Baxter, Donald J., DEVELOPMENT

OF CARGO SLINGS WITH NONDESTRUCTIVE CHECKOUT SYSTEMS, Sikorsky Air-
craft, Division of United Aircraft Corporation; USAAMRDL Technical Re-
port T73-106, Eustis Directorate, U.S. Army Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia, Feoruary 1974, AD TT77497.



TERMINOLOGY

To facilitate cross-reference with the simulator study report (Reference 1),
similar terms and symbols have been used where possible for components and
parameters in this report.

Figures 1, 2, 3 and 4 show typical sling arrangements and define the major
parts. The items labelled "leg" are sometimes termed "nylon leg" in
Reference 1, but this nomenclature has been discarded since steel cables
were used for the flighi tests. The word "cable" has been retained to de-
note the single wire-rope ° the main hoist or any one of the four load
leveller cables. The wora )jendant" is sometimes used in Reference 1 to
denote the single wire-rope of the main hoist, and although this term has
been discarded, the suffix "P" has been used in the same manner as on page
59 of Reference 1. The word "bridle" is sometimes used in Reference 1 to
denote a three~legged or a four-legged assembly, and although this term has
been discarded, the suffix "B" hes been used in the same manner as on page
59 of Reference 1.
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228 ABLE

(Note: Dimensions in inches unless otherwise noted)

Figure 1. Single-Legged Sling Suspension of a
15,000-Pound Solid Concrete Block.

TRUE SLING LEG
ANGLE 12°5°

(Note: Dimensions in inches unless otherwise noted)

Figure 2. Three-Legged Bridle Suspension of a
12,000-Pound Fixed-Wing Aircraft.
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318.5 CABLE
22d TRUE SLING LEG
i ANGLE 34°32’
5 LEG

(Note: Dimensions in inches unless otherwise noted)

Figure 3. Single-Point Suspension of 8-Foot x 8-Foot x
20-Foot Container From a Four-Legged Sling.

CABLES-/4~106.2
TRUE SLING ANGLE

16°17°
(Note: Dimensions in inches unless otherwise noted)

Figure 4. Multipoint Suspension of 8-Foot x 8-Foot
x 20-Foot Container,
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SIMULATOR STUDY SUMMARY

PARAMETERS

The hybrid simulator system (described later) determined the various
forces and load factors (listed below) generated during various filight
maneuvers (listed belew) when various load types (listed below) are carried
externally by various suspension methods (listed below) from a CH-5.4 heli-
copter. To perform actual flight investigations covering all possible com-
binations of the variables listed would be impracticable. Those selected
for flight test will be detailed later (see page 15).

5

Forces and Load Factors

Table 1 summarizes the principal forces and load factors which were derived
from the simulator program. The force values (Columns 1 and 2) were
divided by the static trim force values (Column 3) to convert them to non-
dimensional load factor forms (Columns 2 and 3). The symbols are those used
in Reference 1.

! TABLE 1.~ LIST OF FORCES AND LOAD FACTORS ﬂ{
4‘ —_— -
Instan- | Maximum | Static |Instan-~ {Maximum

taneous | Dynamic Trim |taneous |Dynamic
Description Force Force Force Load Load
(Pounds) | (Pounds)|(Pounds) |[Factor |Factor
Column 1 { Column 2)Column 3|Column kL|Column 5|
i N N
Helicopter, Vertical - - - . Zmax
Cable Tension TL TCrayx TCS LFTe LFTCma.x
Leg Tension T.L Tng TLS LFTL LFTLmax
( i V] LFV LFV,
Vertical Vi Hpax Hg H Hpax
Helicopter Drag Di DHma.x DHS LFD, LFDHmax
Hard ﬁ
Point - LFS LFS
Force Bide 5¢ SHpax  |SHs H Hpax
. In-Plane P, PHoax PHS LFPy LFPY oy
(" Vertical V, Vigex |V LFV, LFVL
Load Drag Dk DLma.x DLS LFDL LFDLmax
Hard <
Point : 3 S LFS LFS
Force Bide Sk Lpax Lg L Lpax
\ In-Plane P Plpax  |Fls LFP, LFPL .o

1



(In addition, to facilitat. the analysis, certain other forces wer
derived: e.g., T, was resolved along helicopter and load axes; T, was
assigned a compoiient due to external forces; TC TL~, Vy  and Vi were
subdivided into front and rear; etc.) - S

Flight Maneuvers

The following flight ma..:uvers were simulated:

Vertical takeoff

Symmetrical dive and pullout

Roll reversal

Yaw reversal in hover; pedal kick
Approach to hover

Longitudinal stick stroke in hover
Lateral stick stroke in hover
Rolling pullout

(In addition, the effect of gusts was input at certain points in the
program.)

Load es

The following load types were analyzed (a load being categorized according
to the ratio of weight, in pounds, to maximum frontal area, in square feet,
which the load might be expected to present to the line of flight).

Type I - high density (ratio more than 250)
Type II - medium density (ratio between 250 and 50)
Type III - low density (ratio less than 50)

(In addition, a Type IV was created to include loads which have inherent
aerodynamic characteristics, e.g., aircraft, helicopter, fuselages, etc.)

Suspension Methods

The following suspension methods were analyzed. They are illustrated in
Figures 1, 2, 3 and 4, respectively.

Single point with single cable.

Single point with single cable and three legs.
Single point with single cable and four legs.
Four points with four cables.

(In addition, the special case of a Brooks and Perkins pallet suspended
from four points on twelve cables and the effect of one leg breaking in
configurations having four legs were analyzed.)

12



DESCRIPTION OF SIMULATOR SYSTEM

Fixed Base - Real Time

For each combination of suspension method, load type and maneuver, the
various forces generated in the cables and at the hard points were derived
by a PDP-6 computer solution of the ccupled equations of motion for the
CH-54 and the slung load, using the General Helicopter Simulation Program
interfaced with a slung load simulation program. Both programs were de-
veloped by Sikorsky; the first simulates continuous flight of a single-
rotor helicopter, and the second describes the motion of an external lcad.
Control inputs were generated by a pilot in an S61 cocnpyit simulator and
transmitted via an analog-digital converter to the computer. The computer
solution to the motion equations was then returned via a digital-analog
converter to the S61 cockpit simulator and displayed'to the pilot on a Nor-
den Contact Analog display system. The pilot control responses were then
retransmitted to the computer, and the cycle was repeated throughout the
maneuver. The system was therefore operating in real-time. There had to
be at least 16 passes per second through the entire solution in real-time;
otherwise the pilot could detect discrete changes being supplied to the
display and would react unrealistically. This rate provided insufficient
time for a thorough analytic solution of the helicopter/external load
equations. The solution in real-time was therefore simplified and abbrevi-
ated, e.g., by using a rotor simulation consisting of only two hlades and
four segments per blade.

Fixed Base - Nonreal Time

A more thorougl. solution (for six blades, tive segments) in nonreal-time

was then run using the pilot inputs recorded from the real-time run to re-
create the maneuvers on the computer. Thus, the only data retained from the
the real-time runs were the pilot responses, and these replaced the simu-
lator in nonreal-time (at a factor of X5). Also, the only data retained
from the nonreal-time runs were the maximum nondimensionalized forces :ound

*within a given narrow aircraft load factor band, for each maneuver. A

separate data monitor and acquisition program were set up to carrv out the
necessary scanning and filtering process; otherwise the quantity of data
generated by 16 simulated passes per second would have been unmanageable.

Moving Basa - Real Time

The real-time runs with "fixed-base", i.e., with the S61 cockpit simulator
in static mode, were followed by real-time runs with "moving-base", i.e.,
with the S61 cockpit simulator in dynamic mode. Thus the computer fed
motion cues as well & visual cues to the pilot, correctly orienting the
cockpit throughout each maneuver. It was therefore possible to evaluate
the effect on pilot reaction of superimposing physical data. It should be
mentioned also that the fixed-base rins were restricted to the first three
maneuvers listed previously, namely, vertical takeoff, symmetrical dive and
pullout, and roll reversal; but the moving-base runs included all eight
maneuvers, the additional ones being considered likely to cause pilot-in-
duced oscillations.

13



Moving Base - Nonreal Time

As in the case of the fixed-base runs, the moving-base runs were repeated
in nonreal time (at a factor of X5) to permit a more thorough analytical
solution of the motion equations.

CONCLUSIONS FROM SIMULATOR STUDY

The main conclusions, as far as they ar¢ relevant to the flight investiga-
tion, were us follows:

l'

Sling and hard-point load factors could sometimes be more than twice
the helicopter load factor, thus exceeding its design criteria.

Symmetrical dive and pullout was usually the most critical maneuver.
There is often a gress maldistribution of forces on load hard points.

The density of a load is a significant parameter.

High load factors in sling and hard points are not necessarily asso-
ciated with maneuvers which generate high load factors.

Sling geometry (leg or cable inclination) is an important parameter
in determining maximum sling and hard point forces.

1k



FLIGHT INVESTIGATION SUMMARY

PARAMETERS

Forces and Load Factors

Table 1 listed the principal forces and load factors derived from the
simulator program. The only forces and load factors that were measured in
the flight tests were: cable tension (Ti), leg tension (T4), helicopter
vertical (N;), plus helicopter longitudinal and lateral (whgch were not
involved in the simulator study, but may be denoted by the symbols Ny and
Ny respectively). It will be evident that if the configuration geometry
can be established, from a knowledge of hard point positions and tension
memher lengths, the hard point parameters listed in Table I could Lo re-
solved. These forces will be proportional to the tension in the appro-
priate cable or leg; hence the only requirement of the flight test is tc
determine maximum tensions (T¢ and T ) and to associate them with the
maximum helicopter vertical load factors NA J. The helicopter load

factors were measured in three axes, but only the vertical (Nz) was con-
sidered to be significant, the longitudinal (Nyx) and lateral (Ny) being re-
corded for contingency reascns. Cable and leg tensious (T{ and T3 ) can be
nondimensionalized into loed factor forms (LFT. and LT, ) by calculation,
since the static trim values (Tcg and TLg) can be determined from a con-
sideration of load weight and configuration geometry. This will be ex-
plained in more detail later (see page 34).

Flight Maneuvers

The same flight maneuvers as programmed on the fixed base simulation were
flown; namely, vertical takeoff, symmetrical dive and pullout, and roll
reversal. The symmetrical dive and pullout was sometimes performed as a
levelling-out from a dive at approximately 1,000 ft/min. Roll reversal
could be defined as "yaw kick" in the case of the flights with the con-
crete block and "rolling turn" in the case of the flights with containers,
these being the most practical load-inducing maneuvers.

Load es

The loads were of Type I, II and III, i.e., high, medium and low density,
represented by a solid concrete block, a loaded container, and an empty
container respectively. They are described in more detail in the next

section.

Suspension Methods

The suspension methods were as illustrated in Figures 1, 3 and L, itiel s
single point with single cable (used with the concrete block), single point
with single cable and four legs (used with the loaded and empty con-
tainers)s and four points with four cables (used with the loaded and empty
containers). A spreader bar was used when the container was suspended f{rom
the top as in Figure 3.

15



TEST AIRCRAFT

The aircraft used in the flight tests was a CHS4 (S/N 69-18462) loaned by
the U.S. Army. The only modification required (apart from the installation
of the instrumentation described below) was the fitting of a slip ring above
the main cargo swivel hook to transmit load signals from the load cells to
the aircraft when carrying loads on single point as in Figures 1 and 3. The
slip ring used was a type W102-100 nade by Wendon Company Inc.

TEST LOADS

Type 1

This was a rectangular concrete block with a lifting eye set in the center
of the top face. It weighed 15,000 pounds.

Type 1II

This was a MILVAN version of the standard 8-foot x 8-foot x 20-foot con-
tainer, loaded with concrete blocks, which were strapped to the floor
structure. It weighed 14,876 pounds.

Type III

This was a MILVAN version of the standard 8-foot x 8-foot x 20-foot con-
tainer,unloaded. It weighed 1,195 pounds.

TEST INSTRUMENTATION

Internal

Internal instrumentation consisted of an oscillograph for recording air-
craft load factors and cable tensions, and three accelerometers mounted
orthogonally near the aircraft center of gravity for measuring load factors
in vertical, longitudinal and lateral directions.

The aczcelerometers had a calibration sensitivity of 1.33G, 1.37G and 1.70G
respectively.

External

External instrumentation consisted of a 50,000-pound load cell (used as
shown 1n Figures 5, 6, and 8) for measuring the tension in the aircraft main
hoist cable, and four 10,000-pound load cells (used as shown in Figures 6,
7, 8, and 9) for measuring the tensions in the four sling legs or four load-
leveller cables.

Calibration data for the load cells is recorded in Tables 2, 3, 4, % and 6.

16



# SLIP~-RING ASSEMBLY

50,000-POUND LOAD CELL

CONCRETE BLOCK

Figure 5. Configuration IP.
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50,000-POUND LOAD CELL - SLIP-RING ASSEMBLY

10,000-POUND LOAD CELL 10,000-POUND LOAD CELL

SPREADER BAR—

MILVAN (LOADED)

Figure 6. Configuration IIB.

10,000-POUND LOAD CELL

MILVAN (LOADED)" 10,000-POUND LOAD CELL

Figure 7. ‘onfiguration II LPT.
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\ SLIP-RING ASSEMBLY

10,000-POUND LOAD CELL

50,000-POUND LVUAD CELL—

10,000-POUND LOAD CELL

SPREADER BAR

MILVAN (EMPTY)

Figure 8. Configuration IIIB.

10,000-POUND LOAD CELL

&/ Z
MILVAN (EMPTY ) 10,000-POUND LOAD CELL

Figur: 9. Configuration III LPT.
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__50,000 LB, NO, N-Q7T0

LTABLE 2. LOAD CELL CALIBRATION,

Applied Reading
Load Inverted
(1v/1000) (miero-in. /in. )
0 0
5 - 396
10 - 791
15 -1,188
20 -1,584
25 -1,980
30 -2 ,379
35 -2,778
4o =3,177
h5 ‘39576
50 -3,976
h5 '3’576
Lo -3,177
35 =2,7T77
30 -2,379
25 -1,981
20 '1’583
15 —19187
10 - 790
5 - 395
0 0
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N,

* TABLE 3.

LOAD CELL CALIBRATION,
10,000 IB, NO. 96957

f—
Reading
Applied
Load Erect Inverted
(1v/1000) |[(micro-in./in. }(micro-in. /in.)
0 0 0
1 - 599 + 596
2 -1,196 +1,192
3 -1,791 +1,787
L -2,394 +2,384
5 -2,988 +2,980
6 -3,588 +3,578
7 -4,188 +4,175
8 -4,769 +4,771
9 -5 ’38)4 +5 ,368
10 "5 ’983 ""5:961‘l
9 -5 ,388 +5:368
8 -L,787 +4,771
T -4,188 +4,17h
6 -3,589 +3,579
5 -2,991 +2,981
b -2,392 +2,385
3 -1,793 +1,786
2 -1,195 +1,190
1 - 599 + 59k
0 0 0

21
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TABLE 4. LOAD CELL CALIBRATION,

10,000 LB, NO. 96961

Reading
Applied
Load Erect Invercad
(16/1000) |(micro-in./in.)| (micro-in./in.)
0 0 0
1 - 600 + 595
2 -1,201 +1,191
3 -1,800 +1,787
4 -2,k401 +2,384
5 -3,000 +2,980
6 -2,602 +3,5TT7
7 -4,200 +4,175
2 -4,800 +4,772
9 -5 ’)“01 +5 ,370
10 -6,001 +5,965
9 -5,403 +5,369
8 -4,801 +4,772
T -4,201 +4,175
6 -3,600 +3,577
5 -3,000 +2,980
L -2,k02 +2,383
3 -1,799 +1,785
2 -1,199 +1,189
1 - 599 + 592
0 0 0
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TABLE 5. LOAD CELL CALIBRATION,
10,000 LB, 96986
F-’—— —
Applied Reading
Load Erect Inverted
1b/1000 | (micro-in./in.)| (micro-in./in,)
0 0 0
1 - 598 + 599
2 -1,195 +1,193
3 -1,791 +1,791
4 -2,390 +2,385
5 -2,986 +2,983
6 -3,583 +3,578
7 -L,181 +4,176
8 =, 777 +4,775
9 —5 ’375 +5:369
10 -5,970 +5,967
9 -5,37L +5,371
8 -L4,775 +L, 77k
7 "'hal76 +l"’al97
6 -39578 +3’578
5 -2,980 +2,983
L -2,385 +2,386
3 -1,789 +1,788
2 -1,193 +1,193
1 - 595 + 597
i U 0 0
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TABLE 6.

LOAD CELL CALIBRATION,
10,000 LB, NO. 97026

r==%*

Applied Reading
Load Erect Inverted
(1v/1000) | (micro-in./in.) | (micro-in./inl)

0 0 0
1 - 597 + 597
2 -1,193 +1,195
3 -1,789 +1,787
Y -2,386 +2,384
2 -2,982 +2,978
6 ‘3a579 +3,576
T 'h,178 +h3173
8 -4, 777 +4,773
9 -5,373 +5,366
10 '5’968 +59962
9 '5)373 +5,370
8 -4,776 +4,772
7 'h3179 +hsl72
6 -3,581 2300
5 '2’985 +29982
4 -2,390 +2,385
3 ‘13790 +1’790
2 -1,196 +1,193
1 - 600 + 599
0 0 0 =
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TEST HARDWARE

Special sets of 6 x 19 IWRC stainless steel wire rope assemblies were fab-
ricated in order to simulate the geometry of the configuration of Figures
1, 3 and 4, and to incorporate the load cells previously described. The
cables were depicted in Figures 5, 6, 7, 8 and 9 together with the associ-
ated attachment shackles and eyebolts. The latter were threaded to fit the
load cells and to provide for length adjustment in the components of the
four-point configurations.

TEST PROGRAM

The flight load investigation was completed during six test flights listed
in Table 7. It will be noted that the flights were not performed in the
same order in which the various configurations were listed in Reference 1
and in the previous sections of this report. To minimize confusion, the
flight test results in the next section are referenced by configuration (in
the order IP, IIB, II 4PT, IIIB, III 4PT) rather than flight number.

L TABLE 7, TEST FLIGHT CONFIGURATIONS l

Flight Loed Suspension Method Configuration
No. Type Description Points | Tension Members Type
1 I Concrete Block Single Single Cable IP
2 &3 III |Empty MILVAN Four Four Cable IIT 4PT
i II Loaded MILVAN Four Four Cable II LPT
5 III | Empty MILVAN Single | Single Cable, IIIB
Four Leg
6 II Loaded MILVAN Single Single Cable, IIB
Four Leg -

For each configuration,the three subject maneuvers - vertical takeoff,
symmetrical dive and pullout, and roll reversal - were performed at least
six times. On each occasion the pilot endeavored to achieve the maximum
vertical acceleration within the aircraft's capability.
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FLIGHT TEST RESULTS

OSCILLOGRAPH RECORDS

On each flight the oscillograph was recording throughout every maneuver.
A typical section of an oscillograph trace is reproduced in Figures 10, 11,

12 and 13. This was taken from Vertical Takeoff No. 1 for Flight No. 6
(Configuration IIB). At the top is a 100 c/s time base. Under this is a

calibration datum line followed by the longitudinal, lateral and vertical
aircraft accelerometer traces. The first two reveal the effects of rotor
vibration but vary only slightly in general level. The vertical trace
contains the only significant flight load factor information. Since this
was a "B" (Bridle) configuration, there are five load cell traces, the
first one being generated by the 50,000-pound load cell in the aircraft
main hoist cable and the remainder by the 10,000-pound load cell in each
of the four legs, respectively, for the aft left, aft right, forward left,
and forward right positions. The main load cell trace is above the verti-
cal accelerometer trace.

OSCILLOGRAPH DATA REDUCTIQN

The 4 or 5 seconds of trace generated during each performance of each
maneuver were examined to determine the peak values of cable or leg ten-
sions and the associated peak value of aircraft load factor. These were
measured and tabulated for each performance of each of the three subject
meneuvers.

In many instances a series of peaks occurred; therefore, the peaks follow-
ing the primary peaks were measured and tabulated, for although their at-
solute values may be lower, the ratio of tension load factor to aircraft
load factor may be higher for the secondary set of values. (The purpose
of the investigation is to determine maximum effect-to-cause relationships
rather than maximum effects and causes.)

The vertical accelerometer trace did not necessarily peak concurrently with
the load cell traces. This was not unexpected, but it was not difficult to
correlate the peaks.

To clarify the method of interpretation of the oscillograph data, the tirace
reproduced on Figures 10 through 13 is represented in a more graphic form
on Figure 14. The time scale has been condensed by a factor of approxi-
mately 3, and a numerical scale of K pounds has been assigned to the
ordinates. The redundant longitudinal and lateral accelerometer traces

have been omitted as they are irrelevant. A consolidated trace representing
the sum of the four leg load cells has been added for reference purposes

The values of first peaks and second peaks have been identified. Figures

15 and 16 are similarly scaled representations of the traces taken from
Symmetrical Dive and rullout No. 2 and No. 4 for the same flight.
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Figure 11. Oscillograph Trace, Configuration IIB,
VT0 No. 1, 1.0-2.0 Seconds.
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Figure 12. Oscillograph Trace, Configuration IIB,
V10, No. 1, 2.0-3.0 Seconds
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Figure 13. Oscillograph Trace, Configuration IIB,
VIO, No. 1, 3.0-4.0 Seconds.
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DATA TABULATION

Tables 8 through 12 record the data applicable to Configurations IP,

1IB, II 4PT, IIIB and III LUPT respectively. "he maneuver and peak numbers
(where applicable) are indicated. Referring to the sample trace graphs in
Figures 1L, 15 and 16, the peak values annotated thereon will be seen in
Table 9 against VTO No. 1, SDPO No. 2 and SDPO No. 4, respectively.

For reference purposes, the tables also record the longitudinal and lateral
accelerometer maximums, the trace values when the helicopter was in a state
of steady hover, and (for Configurations II 4PT and III LPT) the sum of
the four cable 1load cells. For Configurations IIB and IIIB, the identifi-
cation of the legs as Forward Left, etc., is arbitrary, since the load
spins in flight; these weve purely for reference, but each leg retained

its assigned identity throughout the tests.

DATA NONJIMENSIONALIZATION

The load cell force values listed in Tables 8 through 12 were converted to
load factors in Tables 13 through 17 by applying the relevant divisors as
explained below.

For Configuration IP the maximum main hoist cable readings were divided by
the static weight of the concrete block, i.e., 15,000 pounds.

For Configuration IIB the maximum main hoist cable readings were divided
by the static weight of the loaded container plus spreader bar, i.e.,
15,838 pounds, and the maximum individual leg readings were divided by

the static tension in each leg. The latter value was derived by calculat-
ing the true angle of a leg to the vertical and resolving the static weight
of the loaded -ontainer plus spreader bar, i.e., 15,838 pounds, along four
such legs. From the geometry of the configuration,the leg angle was found
to be 36° 42', so the static tension in each of tne four legs becomes
15,838/L4 sec 36° L42', i.e., 4,938 pounds.

For Configuration II 4PT the maximum individual load leveller cable readings
were divided by the static tension in each zable. The latter wvalue was
derived by calculating the true angle of a cable to the vertical and re-
solving the static weight of the loaded container, i.e., 14,876 pounds,
along four such cables. From the gecmetry of the configuration,the cable
angle was found to be 16° 16', so the static tension in each of the four
cables becomes 14,876/L4 sec 16° 16', i.e., 3,874 pounds.

For Configuration IIIB the maximum main hoist cable readings were divided
by the static weight of the empty container plus spreader bar, i.e., 5,582
pounds, and the maximum individual leg readings were divided by the static
tension in each leg. The latter value was derived by calculating the true
angle of a leg to the vertical and resolving the static weight of the empty
container plus spreader bar, i.e., 5,582 pounds, along four such legs.

From the geometry of the configuration,the leg angle was found to be 36°
42', so -ue static tension in each of the four legs becomes 5,582/l sec

36° L2', i.e., 1,74l pounds.
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